T H E value of observations of the magnetic inclination and intensity made at sea, in determining the position and direction of the magnetic lines over those large portions of the globe which are covered by the ocean, has been justly pointed out in the scien tific memoranda prepared by the Royal Society for the Antarctic Expedition; and the same publication notices the precautions which are necessary in order to elimi nate, in results so obtained, the disturbing influence of the ship's iron.
T H E value of observations of the magnetic inclination and intensity made at sea, in determining the position and direction of the magnetic lines over those large portions of the globe which are covered by the ocean, has been justly pointed out in the scien tific memoranda prepared by the Royal Society for the Antarctic Expedition; and the same publication notices the precautions which are necessary in order to elimi nate, in results so obtained, the disturbing influence of the ship's iron.
The observations of Lieut. B artholomew J ames S ulivan, R.N., which, by his wish and with permission of the Admiralty, will form a part of this communication, afford a practical illustration of the valuable and useful information, which a series of such observations, conducted with a proper measure of skill and patience, will produce, and of the degree of certainty which may be looked for when they are thus conducted, and when the requisite precautions are taken.
At a time when increased activity has been given to magnetic observations, in the view of obtaining correct maps of the magnetic phenomena over the whole surface of the globe corresponding to the present epoch, it has appeared desirable to place in the hands of those engaged in these researches the theoretical maps of M. Gauss, accompanied by others in which the results of the most recent and authentic obser vations are inserted in their respective geographical positions; thus bringing under notice, as well as into comparison, the actual state both of theory and of experiment, and directing attention to those localities where observations have been most sparingly distributed, and where, consequently, they are most to be desired. This has been done, with regard to the maps of declination and intensity, in the publication of the Royal Society already referred t o ; and the theoretical map of the inclination has been republished from the German original in the Seventh Number of Taylor's Sci entific M emoirs: but a map which should exhibit the actual observations of the latter element is yet wanting. The endeavour is made in the present communication to supply this deficiency, as far as regards that portion of the globe which is occupied b}/ the Atlantic Ocean and its adjoining' coasts. The sea observations which have
MDCCCXL. «
contributed to this map are the series of Lieut. Sulivan above referred to, and a series by Mr. J ames D unlop of the Param atta Observatory. The position of the lines over the surface of the land rests on above 140 determinations made on shore, within the limits of the map, between the years 1834 and 1839, of which nearly the half are now first published. The series of Messrs. Sulivan and D unlop include observations of the intensity made at sea, as well as of the inclination. I have made the necessary computations to reduce their results to the relative scale in general use. Previously, however, to any remarks which the consideration of these results may suggest, it will be proper to give some account of the observations from which they are derived.
Lieut. S ulivan's series was made during a voyage from Falmouth to the Falkland Islands in H.M.S. Arrow in 1838; from the Falkland Islands to Rio de Janeiro in H.M.S. Stag in 1839; and from Rio back to Falmouth in the packet-ship Opossum in the same year. The instrument employed by him was a dip circle of four inches diameter, made by Mr. T homas J ordan of Falmouth, furnished with two needles, one for the dip and the other for the intensity, on the plan devised by Robert W ere Fox, Esq., and described in the third volume of the Annals of , &c. The dip was in all instances observed directly, without the aid of the deflecting magnets. The values of the intensity were obtained by means of the angles of deflection from the dip, produced by the employment of constant weights applied to the axle, correc tions being made for differences of temperature in the manner pointed out by Mr. Fox. The Table, Appendix A, which has been drawn up by Lieut. S ulivan, con tains the particulars of the dip observations, and of the geographical positions to which they belong; the weights used on each occasion for the intensity; the angles of deflection observed, and the same corrected for temperature; the values of the inten sity resulting from the experiments with each weight, and the mean values: these are given relatively to unity in Mr. Fox's garden at Falmouth, which was the base station of Lieut. S ulivan's observations, and, in the final column, in terms of the relative scale in common use, in which the force in London = 1*372, and at Fal mouth 1*374#.
The circumstance of primary consideration in a series of intensity observations of this nature is the degree of steadiness with which the needle may have preserved its magnetic condition. The following observations, made in Mr. Fox's garden at Fal mouth before and after the voyage, show that no notable alteration took place in this respect during its employment.
* Magnetic Survey of the British Islands, British Association Reports, 1838, p. 192. When used on board ship the instrument was placed on a stand fitted with gimbals situated about the middle of the upper deck, and the same position was preserved in each of the three vessels. On a few occasions in the Arrow, the weather being very unfavourable, the observations were made in the c ab in ; these results are distinguished in the Table by a mark, signifying that they are entitled to less confidence than the others, and are omitted in the map.
A comparison was made on four occasions of the dip observed on board ship when in harbour, and with the same instrum ent taken on shore. These were as follows: Falmouth, July 6th, 1838. In three of the comparisons the differences are inconsiderable, amounting only to a very few m inutes; in the fourth it amounted in one observation nearly to a degree. It must be noticed, however, that it is more difficult to get true dip results on board a ship at a n c h o r , particularly where there is no , than when under sail, because the ship's head cannot be kept so steadily on one point; and by the frequent varia tion in the direction of her head relatively to the magnetic meridian, the observed dip is rendered greater than the tru e ; the error hence arising being greatest where the dip is least. Thus in all the four comparisons the dips observed on board are always somewhat in excess of those observed on shore; and it is probable, that the singie difference which approached a degree in amount was occasioned by an accident of this nature. In the packet Opossum, in which more than the half of Lieut. Sulivan's sea observations were made, the difference is less than in either of the Queen's ships, and is much within the limits of ordinary variations in successive observations made on shore. The ship's head was always placed in these comparisons as nearly as pos sible on the point of the compass which corresponded with the course in that part of the voyage; and, at sea, the observations were always made with the ship's head on her course, except in one instance in the Arrow, when it was varied for the sake of experiment.
The comparison of the intensity results on board and on shore, in similar trials, present an even more satisfactory accord; and this consists with a remark made by Lieut. Sulivan, that by shifting the place of observation to different parts of the ship, the dip might be made to vary nearly a degree, but that in such cases the angle de noting the intensity remained nearly or wholly unaltered. The comparisons of the intensity were made only on three occasions, viz. The four observations at Rio, viz. in the Arrow, in the Stag, and at two different pe riods on shore, may be regarded as identical; and the two observations at Pernam buco are not less accordant. Lieut. Sulivan's dip results at sea are distinguished in the maps by inclined figures, placed on the right side of the mark designating the geographical position con e-sponding to the observation. The eastern track in the northern Atlantic and the western in the southern Atlantic are those of the outward voyage in the Arrow.
In the Archives of the Royal Society is an account by Mr. J ames D unlop, Astro nomer of the Observatory at Param atta, of observations on the magnetic dip and horizontal intensity made on board the merchant ship in which he took his passage from England to Australia in 1831*. These observations were repeated daily, with very few exceptions, from the middle of June to the middle of October. The dippingneedle employed was twelve inches in length, with a circle graduated to 20'. The needle was suspended in the centre of the circle by a small frame of brass, having jewelled holes for the terminations of the axle, and turning freely in azimuth, by the directive force of the needle itself, upon two fine brass points, one above and one below, working also in jewelled holes. The whole instrument was suspended by hooking in verted Y's, attached to its upper part, on two cylinders projecting from a very fine uni versal joint screwed to the roof of Mr. D unlop's cabin. The universal joint was of rings, and could be turned on the centre, by the hand, in azimuth, to accommodate the plane of the instrument to that of the magnetic meridian indicated by the needle. The dip was observed by taking a mean of the extreme arcs of the small oscillations produced by the motion of the ship. The whole was inclosed in plate glass in the usual manner.
The intensity was observed by an apparatus similar to M. H ansteen's but larger, the box being about eight inches in diameter, and three inches in depth, and the tube over the centre, from which the needle was suspended by the silk fibre, was about nine inches in length. In each of the four corners of the upper side of the box was screwed a small brass pin with a hole in it, into which were hooked the ends of four copper wires which terminated in a small brass ring about ^-th of an inch in diameter over the centre of the tube, and as near the point of suspension of the needle as pos sible, in order that the needle and box might be suspended nearly from the same point, and also in the same line with the centre of gravity of the box. A brass wire of about -^oth of an inch in diameter was screwed about an inch into the deck, the lower end terminating in a small circular hook about the eighth of an inch in dia meter, on which the box was suspended by the small ring on the vertex of the copper wires, forming a delicate universal joint.
The instruments for the dip and intensity were suspended as nearly as possible from the same part of the d e ck ; no alteration was made in the mode of their sus pension during the voyage: the trunks in the cabin contained nothing which could affect the needles, and no change was made in their disposition.
By embracing every opportunity at sea which a calm afforded of making observa tions with the ship's head on various points of the compass, or when alterations in the course took place in the same day, Mr. D unlop obtained corrections to be applied to * I was not aware of the existence of these observations when the report on the variations of the magnetic intensity at different parts of the earth's surface" wras drawn up, or they would have been included in that memoir.
the observed values of dip and intensity, according to the direction of the ship's head daring the observation. His memoir contains a statement of the data on which these were founded, and the observed as well as the corrected value of every observation. The dip results have also a correction applied for the non-coincidence of the centres of gravity and of motion of the needle, the poles not being reversed; this was ob tained by Mr. D unlop by comparing the results on shore, in England and Paramatta, with those of needles in which the complete process was gone through. I have used in this paper the dips as thus corrected by Mr. D unlop himself. The intensity results are reduced to a common temperature. The needle which was employed to give the comparative values of the intensity had sustained no sensible change in its magnetic condition for above two years previously to the voyage, as shown by observations with it at Makerstown Observatory in Scotland; nor did it undergo any in the two years subsequent to the voyage, as shown by observations at the Paramatta Observatory. That it was equally steady during the intermediate time may be inferred from the relative values which it gives for the total intensity at Makerstown and Paramatta. 00 00 In comparing-the line of no dip, deduced from the observations now collected, with the same line in the map corresponding-to the year 1825, taken principally from the observations of Captain D uperrey*, the differences which appear are everywhere conformable to what is known regarding the secular changes of that element, and are within the limits of the probable effects of those changes. On the American side, the line in 1837 is slightly to the southward of its position in 1825. On the African side, the alteration is in the opposite direction, and is greater, corresponding to the rapidity with which the node, or point of intersection of the line of no dip and of the geogra phical equator, is in progress of translation to the westward. We may infer, with some degree of approximation at least, the rate at which this transference is taking place, from the observations of Captain A llen in December 1833 at the Ilha das Rolhas, at the southern extremity of the island of St. Thomas, compared with those which I obtained in May 1822 at Fernandilla, and at the Ilha das Cabras, both near the northern extremity of the same island. Captain A llen's station was distant from mine about twenty-six miles in a north and south direction, which in that part of the globe is equivalent to a difference of about twice as many minutes of dip. By my observations there was no dip at the northern extremity of St. Thomas in May 1822 ; and by Captain A llen's observations made at its southern extremity in 1833, allowing for the twenty-five miles distance apart of the two places of observation, the south dip at the northern extremity in December 1833 appears to have been about 7° S., showing a secular change of 7° in 11J years, or on the average 39' in each year. Taking into account the angle which the lines of dip in that quarter make with the meridian, the intersection of the line of no dip and the geographical equator should be transferred to the westward, by a secular change of that amount, at an annual rate of half a degree. Ft would also follow, that in 1833 the line of no dip should be found, in or near the meridian of St. Thomas, about 3^° to the north of the position it occupied in 1822; and that this was very nearly the fact we may infer from Captain A llen's observations at Fernando Po in 3° 45' N. latitude, which gave in December 1833 a dip of 0° 48' N. In passing from the northern to the southern hemisphere, Lieut. Sulivan found the intensity continually diminish until about the parallel of -23°, in long. 317°^ from whence, in his further progress southward, it again increased. In returning from the * Philosophical Magazine, February 1839. Represented by a dotted line in the isoclinal map in this com munication.
southern to the northern hemisphere, his observation of the weakest intensity was made in -22^° in the meridian of 325°. In Mr. D unlop's passage from the North to the South Atlantic he observed the weakest intensity in -27°, in the more easterly meridian of 339°. The three geographical positions in which these gentlemen must have crossed the line of least intensity will be found, on examination, in very ne cordance with my delineation of that line in the Philosophical Magazine for Fe bruary 1839, which is repeated in the present map.
Lieut. Suljvan crossed the line of no d i p , as indicated by the latitudes -13° 50' and -16° O', about the meridian of 324°, in his outward pas sage; and between the latitudes -15° 10' and -15° 44', near the same meridian, in his homeward passage. Mr. D unlop's observations place that line in about -13° lati tude, in the meridian of 335° or thereabouts. These observations are also closely ac cordant with the representation of the line of no dip laid down in the map referred to in the Philosophical Magazine, and repeated in Plate III. They add confirmation, if any were needed, to the non-identity of the lines of no dip and of least intensity, and to their wide separation in the part of the globe under consideration. This is a marked feature in the system of the magnetic lines at the present epoch, known for some years to those who have carefully attended to the progress of experiment, but not generally recognised till very recently.
In addition to the observations of Messrs. Mr. D unlop's observations (Appendix B.) furnish us with a series of dip and in tensity results obtained at sea between the meridian of the Cape of Good Hope and New South Wales, and between the parallels of -35° and -41°; a part of the globe from whence no recent data at least have been obtained for the lines of dip, and where materials for the lines of intensity were previously wholly wanting. The form which the isodynamic lines assume in that quarter will admit of the connection being ap proximately traced, between Mr. D unlop's intensity results and the positions of the lines in New South Wales as determined at several points of the coast by observa tions already published, or which will be now communicated. This connection is shown in Plate VI., in which the intensity results are inserted in upright figures. The materials are too few, and too widely scattered, for the lines thus traced to be regarded as more than a first approximation; but as such they may be useful. The form of the isoclinal lines in this part of the globe being less simple than that of the isodynamics, the materials are yet insufficient to admit of their being represented in any satisfactory manner; but the results themselves are inserted in the Plate in inclined figures in their respective localities.
The observations on the coast of New South Wales are contained in the following table, and the particulars of those which are now first published are given in the Ap pendix under the respective references. References. = 1-000.
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The observations of Commander E dward Barnett, R.N., were made with a dipping instrument, the construction of which was favourably spoken of by S. II. Christie, Esq., in a paper read before the Royal Society in April 1833, as noticed in Commander B arnett's report. The needle having been used for the intensity as well as for the dip, the dip results are derived from observations in four positions only of the instru ment, the poles of the needle not being changed in the course of each observation.
D.
The observations of Captain E dward B elcher, R.N., are part of a very extensive series, principally on the coast and islands of the Pacific Ocean, which is still in pro gress, and of which the details will be more conveniently given on a future occasion, when the series is completed. The observations of Captain Charles D rinkwater B ethune, R .N ., were made with an instrument by R obinson of six inches diameter, furnished with two needles. The usual series of eight readings in different positions of the circle and needle were made, and the results are a mean of those given by the two needles. The readings in the different positions accorded well, as is usually the case in Robinson's instru ments. Captain B ethune's report contains the details of the eight readings in each observation, but without specifying the positions to which they respectively belong. The results at the three stations employed in this paper are a part of an extensive series, chiefly in India and the Pacific Ocean, which will come under notice at a subsequent period, when observations now making in those quarters of the globe shall be completed; the details of Captain B ethune's observations at the three stations now employed will be more conveniently given at that time. The present amount of the secular change of the dip in the Gulf of Guinea and its vicinity is so considerable, as to render it necessary to apply a correction to Captain Allen's results obtained in the year 1833, to make them correspond to the mean epoch of the observations which the map represents, or to the beginning of 1837. From the best inference I am able to draw, in the absence of precise data, the north dip is diminishing, and the south increasing, in the vicinity of the islands of Fernando Po and St. Thomas, at an annual rate certainly exceeding half a degree. At Captain Allen's stations in the Quorra the rate of decrease (of north dip) is pro bably less, but is still very great. The correction applied has been, for three years, at the annual rate of half a degree for the islands in the Gulf of Guinea, and a quarter of a degree for those in the Q uorra: the results so corrected are inserted in the map. At Ascension the secular change probably does not exceed 8' or 10'*: also Captain Allen's observations at that island were made a year later than at the other stations ; they have not therefore been corrected for epoch. The discrepancy in the results of different observers at Ascension and of the same observer in different situa tions in the island are well known to be considerable, and are naturally accounted for by its volcanic character. The observations of this series furnish tests of the steadiness of the magnetic con dition of the needles, or of the changes undergone by them in this respect, during two intervals, viz. from the 22nd of November 1837 to the 15th of June 1838, at both which dates they were vibrated at Swan River; and from the 25th of October 1838 to the 16th of April 1839, at both which dates they were vibrated at Sydney. In the second interval neither needle appears to have sustained any change deserving of notice; the times of vibration in October 1838 and in April 1839 differing only within the limits of the known fluctuations of the horizontal force at the same station on different days, and even on the same day. Between the observations at Swan River in November 1837 and June 1838, both needles appear to have lost force, equivalent in the case of Y to 7S'6 in 662s*7, and in that of Z to 8S*4 in 710s*8. During the re maining portions of the series, viz. from June 26, 1837, to November 22, 1837, and from June 15, 1838, to October 25, 1838, the observations furnish no direct or inde pendent means of testing the needles ; but an attentive consideration of their times of vibration leads to the inference, that Y must have lost magnetism considerably between June and November 1837, and that the loss took place in all probability in the early period of the voyage, or between Plymouth and Santa C ruz; whilst in the case of Z, there is no indication of any other loss than that shown to have taken place by the observations at Swan River. Admitting and allowing for that loss, and sup posing no other to have taken place, the values of the intensity given by this needle, Captain W ickham's values, it may be seen, are , which is a difference of a contrary nature to that which would have been occasioned by a loss of m agnetism ; we may therefore conclude, with much probability, that needle Z sustained no notable loss of magnetism during the whole of its employment, except that which the obser vations at Swan River show to have taken place between November 1837 and June 1838: the results with this needle, contained in the next Table, have been computed accordingly.
In the case of needle Y, which appears to have lost magnetism between Plymouth and Santa Cruz, but to what amount the observations supply no certain means of deciding, we may take as base-stations, from the other extremity of the series, Sydney and H obart Town, where we have already seen that the values of the intensity are approximately known, viz. 1*675 and 1*814. Allowing the loss of 7S'6, evidenced by the observations at Swan River, the results computed with this needle at Santa Cruz, and all the subsequent stations, accord well with those of needle Z, and with those of other observers; whence we may infer with much probability, that between July 1837 at Santa Cruz, and April 1839 at Sydney, needle Y sustained no other loss of magnetism than that deducible from the observations themselves. The results with this needle contained in the next Table have been computed accordingly.
The loss of magnetism between the observations at Swan River in November 1837 and June 1838, has been regarded as a gradual and uniform loss during the whole interval, in the absence of any satisfactory evidence to the contrary.
The results thus computed and inserted in the following Table must be considered as strictly provisional; the absolute measurements of the intensity about to be exe cuted at the Cape of Good Hope by Lieut. E ardley W ilmot, R.A., and at Sydney and Van Diemen's Land by Captain J ames Ross, R.N., will supply important stations of reference in the ultimate revision of this series; based on exact measures at these sta tions, and corrected for the variations of temperature, Captain W ickham's observations may be expected to give the relative values of the intensity at the intermediate sta tions, with, what would now at least be considered, a high degree of precision. These observations were riiade with a needle belonging to myself, which Sir J ohn F ranklin took out with him to Van Diemen's Land, on his proceeding to assume the government of that island. It was one of those which Mr. David D ouglas had em ployed in magnetic observations in North America and the Sandwich Islands, and had preserved its magnetism unchanged for several years antecedent to Sir J ohn F ranklin's departure. The following account of its times of vibration at Hobart Town shows that its magnetism was equally steady after its arrival there, and affords presumptive evidence that it had been so in the interval. This presumption is cor roborated by the remarkable agreement of the intensities obtained with it at the Cape of Good Hope and Hobart Town, with those of Captain F itzR oy in 1836 at the same places. The account is copied from a memorandum in my possession received from Sir J ohn F ranklin. A second needle which accompanied it proved too unsteady in its magnetism to yield any useful results. The correction for differences of temperature at the times of vibration of this needle, experimentally determined, is found by the formula observation at each station might be derived, with few exceptions, from the result of thirty or forty readings, or upwards.
Station.
Weights. Angles of deflection.
Intensity.
London =1*000. •9601 > •9608 J •9891
•9841
•9780
•9754
•9685
•9602
•9594
•9545
•9467
•9517
•9672
•9761
•9794
Date. = 1-372.
1-372

1838.
f May 22. < June 4.
[. June 8. j>Mean result at three stations.
Field west of the city.
Open space outside the gate.
Open space S. of Cathedral.
Garden of Palace.
Place of St. Pierre.
Platform near the Cathedral.
f Outside the city wall at the back \ of the Hotel des Bergues.
Near the lake.
A garden S.E. of the city.
East side; on lava.
Open space in front of thebarracks.
English garden at the Palace.
Garden of the Ecole des Mines.
Note supplied by M r. F o x .
" At the first nine stations in this Table, a few fibres only of unspun silk were em ployed for suspending the w eights; but at the last five, a very fine silk thread was used for this purpose, which caused greater leverage on the grooved wheel, and con sequently greater deflection of the needle, on which account it was found, after a series of comparative experiments, that *0060 should be added to the decimals ex pressing the intensity, which has accordingly been done in the results entered in the Table." 
